Description and prevalence
In the fetus venous blood enters the right atrium and is directed into either the right ventricle (predominantly from the superior vena cava) or the left atrium (predominantly from the inferior vena cava, being guided by the eustachian valve across the foramen ovale). At birth the decrease in pulmonary vascular resistance and increase in systemic vascular resistance cause left atrial pressure to exceed right atrial pressure. This draws the valve of the foramen ovale against the surrounding tissue of the secundum atrial septum. The components of the septum usually adhere to seal the foramen within the first year of life but sometimes fusion is incomplete and the foramen ovale persists.' 2 Even if a potential channel between the atria remains, the pressure in the left atrium keeps the flap-like valve of the foramen opposed to the septum. If right atrial pressure exceeds left atrial pressure the valve can be pushed open to create a right-to-left shunt. The shunt volume depends on the pressure gradient and the size of the patent foramen ovale (PFO); both vary from moment to moment.
The prevalence of PFOs in necropsy studies was 20-35%. '1 4 Size is measured by finding the largest probe that fits the PFO without stretching the tissue. Formalin fixation of the samples examined may result in underestimation of the true size in vivo. In 1100 consecutive necropsies from all age groups a small probe-patent PFO was found in 29% (mean diameter 2 mm) and a larger pencil-patent PFO was found in 6%.3 Half of the subjects with pencil-patent PFOs were aged less than 6 months.
This suggests that a PFO of moderate size is uncommon in adults. Hagen and colleagues studied subjects from each of the first nine decades of life but excluded those aged less than one year.4 The size of the PFO ranged from 1 mm to 19 mm (mean 4 9 mm) and three quarters were 1-6 mm in diameter. Despite the variation within each age group, the mean size of the channel was larger in older subjects. In addition, the prevalence decreased with age (34% in those aged In 1988, however, Lechat et al compared 60 patients aged less than 55 years who were recovering from a stroke with 100 control patients who were to have posterior fossa surgery.9 They used transthoracic contrast echocardiography and the Valsalva manoeuvre. A PFO was found in 40% in the stroke patients but only 10% of the controls (p < 0-001). PFOs were most common in those with no other risk factor for stroke (54%). In the same year, Webster and colleagues found a similar association between stroke and PFO in young patients, the prevalence being 50% in the stroke patients and 15% in controls (p < 0-001).Y' A semiquantitative assessment of the shunt size was made by counting the number of microbubbles seen in the left side of the heart during frame-by-frame analysis (grade 1 = 1-5; grade 2 = 6-20; grade 3 > 20 bubbles). The stroke patients were more likely to have grade 2 and 3 shunts than the controls.
These two studies in particular challenged the idea that paradoxical thromboembolism is uncommon in those with a PFO. The infrequency of other causes of stroke in the young made it possible to demonstrate the association in the populations studied. Since then others have used transoesophageal contrast echocardiography to show an association between PFO and stroke in older patients." Though the 95% confidence intervals for prevalence of PFO in the control groups in three studies"" overlapped, in the transoesophageal contrast echocardiographic study the prevalence in the control group was only 3-2%. This low figure may be because some of the controls had left-sided abnormalities12 (it was deemed inappropriate to perform transoesophageal echocardiography on healthy controls) and because older patients were included. The prevalence was less than that expected from necropsy data, but it may be difficult to identify a small probe-patent PFO in vivo because even the release of a Valsalva manoeuvre may not permit shunting. Also, when only a few microbubbles cross the atrial septum the PFO may be too small to allow paradoxical embolism and slightly larger PFOs may only become clinically significant when the arrival of an embolism in the right atrium coincides with an activity that simulates a Valsalva manoeuvre, such as heavy lifting. A large PFO can permit right-to-left shunting even under physiological conditions.913 Two further transoesophageal contrast echocardiographic studies'415 showed a high prevalence of PFO in young patients with stroke, but another did not. '6 Other abnormalities that might account for the occurrence of strokes (such as smoking, use of oral contraceptives, hypertension, mitral valve prolapse, atrial septal aneurysm, evidence of cerebrovascular disease) are also common in both young and old patients." 13 Even though it can be impossible to demonstrate evidence of the deep vein thrombosis that could be the source of emboli in those without other risk factors,'5 17 the weight of evidence favours the association between PFO and stroke, particularly in the young.
OTHER PARADOXICAL EMBOLI
PFOs that permit paradoxical embolism of thrombus will presumably also allow shunting of other emboli such as tumour, lipid, infected material, and gas. Septic embolism is a cause of cerebral abscess in patients with congenital heart defects and right-to-left shunts, but there is no report of an association between PFO and cerebral abscess.
PFOs are a well recognised cause of paradoxical gas embolism during some interventions, particularly neurosurgery. ' Methods of detection Visual inspection at surgery or necropsy is the only definitive means of diagnosing a PFO. There are also several clinical diagnostic tests. A PFO may be found during right heart catheterisation if the catheter passes into the left atrium. In those in whom desaturation is believed to be caused by shunting across a PFO return of arterial saturations to normal when the balloon at the catheter tip is inflated and pulled back against the atrial septum confirms the site of the shunt.27 This will not distinguish between a PFO and a small secundum atrial septal defect. However, atrial angiograms that show the interatrial septum in profile will often identify the lesion. A left atrial angiogram should show no contrast passing into the right atrium unless there is a stretched PFO, and a right atrial angiogram may show movement of the flap of the PFO. 25 Indicator dilution curves can show the presence of a right-to-left shunt but not its nature, though localisation to the atrial level is possible if injections are made proximal and distal to the site of the shunt.8 This invasive procedure, however, cannot exclude a PFO. Magnetic resonance imaging has been used to assess atrial septal defects28 but its value in the detection of a PFO is unknown.
The best imaging method for PFOs is contrast echocardiography. It is usually necessary to perform several studies, but sensitivity is increased when contrast studies are combined with a cough or Valsalva or equivalent manoeuvres, and increased further by transoesophageal contrast and colour-flow map studies. 29 
